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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVA¥CE CONFIDENTIAL REPORT- - .

SCALE-EFFECT TESTS IN A TURBULENT TUNNEL OF
THE NACA 653-h18, a = 1.0 AIRFOIL SECTION

WITH 0.20-ATRFOIL~CHORD SPLIT FLAP
ﬁy warren A. Tucker and Arthur R. Wallace

SUMMARY

The effect of Reynolds number on the aerodynamlc
cheracterlistics of a low-drag elrfoil section tested
under conditlons of relatively high stream turbulence
was determined by tests in the INAL T7- by 10-foot tunnel
of the NACA 65 El a = 1.0 airfoil section with a

split flap having a chord 20 percent of the alrfoll
chord. Tge Reynolds number ranged from 0.19 to
10

2.99 % the ¥ach number attalned was never greater
than 0.10. The data are presented as curves of sectlon
angle of atteck, section profile-drag coeffilclent, and
sectlon pltchlng-moment coefficlent ezainst section
1lift coefflclent for various flsr deflections.

The maximum 11ft coefflclent lncreased with Reynolds
number. Deflecting the flap added an Ilncrement of
maximum 1ift coefflclent that seemed to be almost con-
stent at all Reynolds numbers. The slope of the sectlon
11ft curve with flap deflected showed no consistent
varlation with Peynolds number, although the slope of
the section 1lift curve for the rlaln slrfoll increased

up to a Reynolds number of about 1.0 X 106 and then
remained nearly constant up to a Reynolds number of

about 3.0 x 10 the 11mit of the tests. For flap
deflections above 15 the slope of the sectlon 1lift
curve decreased with 1ncrease in flap deflection.

The sectlon drag coefficlent with flap deflected
remalned almost constant with Reynolds number, although
the section drag coefflclent for the plain alrfoll
decreassed up to & Reynolds number of about C.8 x 106
and then remalned nearly constant to a Reynolds number

of about 3.0 x 10". 5
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The vitching-moment-coefficlent slope with flap
deflected was erratlc, Put the pltching-moment-coefficient
slope for the plaln alrfoll became slightly more negative
with increasing Reynolds number.

INTRODUCTI.ON

Scale effect on low=-dreg alrfolls has reéularly been

determined at Reynolds numbers above 3.0 % 10 In the
KACA two-dimensional low~-turbulence pressure tunnel
(destgnated TDT). Tests were recently made in the TDT,
in the NACA two-dlmensional low-turbulence tunnel, and
In the LMAL 7- by 10-foot tunnel to determine scale and
turbulence effects on the 1l1ft and drag characterlstics
of a tyrical low-drag airfoll sectlon over a wide range
of Reynolds number ‘reference 1).

The object of the present investigation was to find
the effect of Reynolds number on the aerodynamlc
cheracteristics of a typlcal low-drag flagped airfoil
section tested under condltions of relatively high stream
turbulence. The NACA 652-1'18, a = 1.0 airfoll section
equipped with a spllt flgp having a chord 20 percent of
the airfoll chord (0.20c) was tested in the LMAL 7- by
10-foot tunngl over a range of Reynolds number from 0.19

to 2.92 x 10"~.

MODFLS AND TESTS

Modslsa

Two mocels of 7-foot span with chords of 1 foot and
l, feet were tested. Both models were bullt of laminated
wood vith sultable steel relnforcemrsants and were shaped
to the WACA 653-b18 orofile. Ordinates for thia section
were derived by the methods of reference 2 and are glven
in table I. Both models were carefully finished end
woere rollshed just before testing.

A 0.20c split flap was tested on each model. The
flaps were made of sheet steel and were formed to the
alrfoll contour.

The alrfoll section with the flap 1s shown 1in figure 1.
]
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e - . . Teats

The models were mounted vertically in the tunnel
so that the test section was spanned completely except
for a small clearance at each end. The models were rigldly
attached to the balance frame by torque tubes extendling
through the tunnel walls. The angle of attack was set
by rotating the torque tubes by means of a calibrated
electric drive. This installatlion 1s thought to approxi-
mate closely two-dimenslonal flow, thus making 1t possalble
to determine the section characterlistics of the models
being tested. This setup 18 desoribed in reference 3.

Fach model was tested at dynamic¢c pressures of 1.02,
h.09, 9.21, and 16.37 pounds per square foot, which
correspond to tunnel alrspeeds of approximately 20, LO,
60, and 80 miles per hour, respectively. These air-
speeds correspond to test Reynolds numbers of 0.19,

0.37, 0.56, and 0.75 x 106, respectively, for the model

of 1-foot shord and 0.75, 1.50, 2.2L, end 2.99 x 10%,
respectively, for the model of lL-foot chord. The
turbulence fector of the LMAL 7- by 10-foot tunnel is 1.6.
Although the data are presented for varlous test Reynolds
numbers, the corresponding effective Reynolds numbers can
be obtained by multiplylng the test Reynolds numbers by
the turbulence factor, The highest Mach number reasched
was 0.10, so that no effect of Mach number on maximun
11ft coeffiecient 1is thought to be present (reference lL).

At each tunnel alrspeed, each model was tested both
as a plaln sirfoll and witg the flapr attached and
deflected 15°, 30°, and 60°. The flap deflections were
set by means of templets and were checked after each
test. The flap was sufflclently braced so that no
perceptible deflectlion occurred under load.

Balance readings were used to mesasure 1lift, drag,
and pitching moment, except for the drag of the plaln
airfoll. Because of the insensitivity of the tunnel
balance system, particularly at low speeds, the drag of
the plain alrfoll was obtalned from wake-survey tests.

The angle of attack ranged from a negative angle
through the stall for each test. 1In most cases,
readings were taken at 2° intervals, with 1° increments
near the stall.
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PRESENTATION OF RESULTS
Coefflcients and Symbols

The test results are presented in the form of
standard nondimensional section coefficlents. The coef-
flclents and symbols used are deflined as follows:

cy section lift coefficient (1/qc)

cq sectlion profile-drag coefficient (d,/qc)
)

c section pltching-moment coefficlent about quarter-
e/l chord pointn%m/dc2)

meximum section 1l1ft coefficient

cZmax
where
[4 section 1ift
d,s sectlion proflle drag
m sectlon pltching moment ebout quarter-chord polnt
q free~-stream dynamlc pressure (%pva
e alrfoll chord, feet
v alraspeed, feet per second
p mass denslty of alr, slugs per cublec foot
and
Reynolds number (eVa/p)
M Mach number (V/a)
a speed, of sound (1129 frs)
viscosity of alr, pound-seconds per square foot
Q@ angle of attack for iInflnite aspect ratio
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-brud:-—flap"defleottony-measured from flap-retracted

" position
dey/da, slope of 1ift curve for infinite aspect ratio

Preclision

Accuracy of test results.- The experlmental errors
in the results presented herein are believed to be within
the 1limits indicated in the following table: .

Limit of accuracy
R 0121;{_::)1 ®2max ®mg /), cg, at o = 0.k

0.19 x 1o6 1 10.10 10.05 +0.015

.32 1 .08 t.03 1.010

.5 1 .06 .02 t,007

.75 1 t.o t.015 .00

.75 N .0 +.015 +.00
1.50 L i, +,C12 . ool
2.2, n £.0 t,009 +.001
2.99 L t,03 t.006 +.0006

The average errors are much smeller. W¥lth flap deflected,
errors may be as much as three times the values glven.

The angle of attack and flap deflection were held within
the followlng limits of accuracy:

a,, degrees . . . . . .
af’ desrees L ] L] [ ] L] L) L] L L] » L] L] L] L] L] [ ] L] L] L] L]

i+ 1+

0.2
0'2

Wind-tunnel corrections.- The 1i1ft coefficlents
are correoted for tunnel Interference effects (reference 3).
The drag coefficlents for the plain alrfoll, which were
obtained from wake-survey tests, were corrected for
blocking as In reference 1. No corrections to the drag
and pitching-moment coefficients have been determined for
two-dimensional force tests in the IMAL T7- by 10-foot -
tunnel.
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DISCUSSION

The curves of sectlon angle of attack, section
profile-drag coefficlent, and section piltching-moment
coefficlent against section 1lift coefflcient, for the
varlous Reynolds nurbers lnvestlgated, are presented
iIn figure 2.

JTift.- Tha angle of attack at the maximum 1ift
coefffcIent seems to increase progressively with
Reynolds number. There 1s no scale effect on the angle
of attack for zero 1ift, although there is an unexplained
difference between the angles for Lero 1ift of the modsls
of 1-foot and Li-foot chord. As shcvyn by the curves of
maximum section 1i1ft coefflelent agelnst Reynelds number

(fig. 3), the scale effect on cy is of the usual
mex
form; thsat 1s, Sy Increases with increasing BR.

mex
Moreover, deflectiﬂg the split flap adds an almost con-
stant lncrewent of czmax through the Reynolds number

range. This effect 1s usual for a split flap (refer-
ence 5). The scale effect on the slope of the 1ift
curve within the low-drag range is given in figure l.
The slope of tha 1irft curve for the nlain alrfoll

increases up to a Rey.anlds nurber of about 1.0 X% 106
end then remsins gimost constant ur to a Reynolds number

of about 3.0 ¥ 106, the 1imlt of the tests. With flap
deflected, the slore 1s erratlc but approximetely con-
stent with Reynolds number. For flap deflections above
159, the slope of the 11ft curve decreases with increase
In flap deflectlon,

Drag.- The effect of Reynolds number on the section
proflle-dreg coefficlent 1s shown in figure 5. The drag
coefficlents for the plaln alrfoll were obtained from
wake~-survey tests: the drag cosfflclents for the airfoll
with flap deflected were obtalned from force tests. All
drags were taken &t the sngle of attack corresponding to
the design 1ift coefficient (0.l) of the plain alrfoll;
this value corresponds to an angle of sttack of about 1°.

For the plair airfoil, the drazg decreases sharply
with 1ncreasing Reynolds number btelow a Reynolds number

of about 0.8 x 106, Above this Reynolds number, the
dreg remains nearly constant.

x
—
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<= = - For the -airfoil with flap deflgétéd;, the results show
no consistent variation of section proflle-drag cocefficlent
with Reynolds number. In fact, 1t may be concluded from
these results that the sectlion profile-drag coefficient
with flap deflected 1s, to a first approximation, inde-
pendent of Reynolds number.

Pltching moment.- The somewhat irregular curves of
sectlon pltching-moment coeffliclent at the lowest
Reynolda numbers appear to be caused by the inaccuracy
of the tunnel balance system at the low speeds. Thils
inaccuracy 1s also shown by the large difference between

the original and check testsat R = 0.19 x 106 (fig. 2(a)).
6

Accuracy at Reynolds numbers higher than 0.19 % 10~ 1is
mich better, as shown by the table in the section

entitled "Precision." The slope of the pitching-moment-~
coefficlent curve of the plain alrfoll becomes slightl
more negative with increase in Reynolds number (filg. 63.
The pltching-moment-coefficlent slope for the alrfoil with
flap deflected varled with 1lift coefficlient in such a way

that presentation of the slopes was not practicable.
CONCLUSIONS

Scale-effect tests of the NACA 655-u18, a = 1.0 air-

foll section with a split flap having a chord 20 percent
of the alrfoll chord have been made in the IMAL 7- by 10-
foot tunnel. The Reynolds number ranged from 0.19 to

2.99 x 10~; the Mach number attained was never greater
than 0.10., From these tests, the following concluslons
have been drawn:

l. The maximum 1ift coefficient increased with
Reynolds number. Deflecting the flep added an increment
of maximum 11ft coefficient that seemed to be .almost
constant at all Reynolds numbers.

2. The slope of the section 1ift curve with flap
deflected showed no consistent variation with Reynolds
number, although the slope of the section 1ift curve for
the plain alirfoll increased up to a Reynolds number of

about 1.0 x 10“ and then remained nearly constant up to
& Reynolds number of about 3.0 X 106,“%he 1imit of the

tests.
) ]
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3. For flep deflections mbove 15°, the slope of the
section 1ift curve decreased with lncrease in flap
deflection.

. The ssctlon profile-drag coefficient with flep
deflected remalned almost constant with Reynolds number,
although the section profile-drag coefficlent for the
plain airfoll decreased up to a Reynolds number of

about 0.8 x 106 end then remained nearly constant to
8 Reynolds number of about 3.0 X 10°,

5. The slope of the rltching-moment-coefficient
curve of the plaln elrfoll becams slightly more negativs
with lncrease 1n Reynolds number. The pitching-moment-
coefficlent slope for the alrfoll with flap deflected
varied with 11ft coefflclent In such a way that presen-
tation of the slopes was not practicable.

Langley Memorlal Aeronautical Leboratory
National Advisory Commlttee For Aeronautics
Langley Fleld, Va.
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TABLE I
ORDINATES OF NACA 655-h18, a = 1.0 ATRFOIL SECTION

_—— . o —— =

[Stations and ordinates in percent airfoil chord]

Upper surface Lower surface
Statlon Ordineaete Station Ordinate
0 0 0 0
.28 1.Lh2 .72 -1.22
.50 1.73 1.00 -1.ug
.93 2.21 1.53 -1.7
2.1 E.lo 2.82 -2.36
L. 6L L 1i8 5.36 -3.22
7.12 Z'BE 7.88 -?.87
Q, 62 . 10.3%8 L. 41
1. 64 7.9 15.3%6 -5.2
12.67 9.0 20.% -2.8
2l.72 9.91 25.2 -6.%2
2?. 7 10.5) 30.2 -6.65
3. g 10.94 5.1 -6.82
9.8 11.1, 0.12 -6.866
[.9l 11.09 L5.06 -6.71
50 10.77 50 -6.3%6
253 o B | 3%
65.13 3.&5 62.87 -Z 3
70.15 Z°3 69.85 =300
i pe | 2
. . s U - {
85.13 3.62 gu.87 -.9
20.09 2.35 89.91 -.2
95.05 1.12 9L.95 b
100 o] 100 0
L.E. radius: 1.96
Slope of radius through end of chord: 0.168

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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